Of the total number of freshwater red algae (ca. 180 taxa), one third are found in Europe (ca. 60 taxa). Over one third (24 taxa) of European taxa have been found at only one single location or at very few locations. The majority of taxa live in running waters, but some occur in lakes, on wet ground, in hot springs or in garden ponds. Diversity in the Nordic countries of Sweden and Finland seems to be somewhat higher (27 and 28 taxa, respectively) than in the central and southern parts of Europe (e.g.
INTRODUCTION
The contribution of freshwater red algae to algal floras is low, being only 0.1-1.7% of the total number of species in inland waters, although the productivity rate can be high (Sheath&Hambrook 1990) . In spite of the importance of this group in water ecosystems, studies of the taxonomy and ecology of freshwater red algae are rather sparse when compared with those of the other algal groups.
Several European algal taxonomists worked on the taxonomy of freshwater red algae during the 19 th century (e.g. C. Agardh, Bory de Saint-Vincent, De Candolle, De Toni, Desvaux, Harvey, Rabenhorst, Sirodot) and their descriptions are still valid today. In the 20 th century the scientists most active in this area were Kylin (1912) and Israelson (1942) in Sweden; Skuja with several articles from the 1920s to the 1960s on the Baltic countries, Finland, Sweden and Central Europe; Starmach (e.g. 1977 Starmach (e.g. , 1984a Starmach (e.g. , 1984b , who worked in Poland, and Reis (several articles from 1960s to 1980s), who worked in Portugal describing many new Batrachospermum species. During the last twenty years interest in freshwater red algae has increased again and new research is published almost every year from many countries.
This study is based on the authors' own studies and literature search with the aim of identifying the general distribution and diversity of freshwater red algae (Rhodophyceae) in Europe as part of the more comprehensive study of this algal group.
MATERIAL
Records concerning the occurrence of freshwater red algal species are rather scarce from many European countries, but lists for some countries can be found in the literature (Skuja 1928 (Skuja , 1931 Israelson 1942; Starmach 1977; Knappe et al. 1996; Rott et al. 1997 Rott et al. , 1999 Tolstoy&Willen 1997; Marhold&Hindak 1998; Kumano 2002; Siemińska 2006 , Siemińska&Wołowski 2003 Kostkevičienė&Laučiūtė 2005 , 2009 Eloranta&Kwandrans 2007) . Additional information concerning freshwater red algae in several European countries has been received via personal communications (information for Switzerland -H. Preisig; Spain -M. Aboal, S. Sabater; The Netherlands -H. Van Dam; Estonia -K. Piirsoo).
RESULTS
Total number of taxa recorded and named in the literature regarding Nordic countries seems to be somewhat higher than that in the central or southern Europe. Twenty-seven taxa have been found in Sweden, 28 taxa in Finland, 22 taxa in Poland, 22 taxa in Austria, 22 in Belgium, 20 in Spain, 16 taxa in Slovakia, in Switzerland 12 taxa, in Hungary 9 taxa, 5 taxa in Serbia and 12 taxa in Lithuania (Table 1) . Twenty-two taxa have been reported in the British Isles and 21 taxa in Germany (excluding coccoid forms) (Knappe et al. 1996) ( Table 1) . Numbers reflect suitable environments for the group but also algological activity in different countries.
In many European countries several freshwater red algal taxa are included on the threatened species lists due to changes in their habitats (e.g. Knappe et al. 1996 , Ludwig&Schnittler 1996 , Siemińska 2006 . In Finland only three taxa are included on the list in the category NT (near threatened; Rassi et al. 2001 ) mainly due to lack of needed information about their occurrence.
Genetic taxonomy of the group is under active research, so there are continuous changes in the system, but according to recent taxonomy 18 freshwater red algal genera are found in Europe and of those, 13 genera are represented by only 1 or 2 species (see Table 2 ).
Some genera are found only in rather restricted areas or growing in special environments. Cyanidium and Galdieria, for example, are found only in hot sulphuric springs in Italy, and the tropical genus Compsopogon is found in tropical aquaria, in small ponds in botanical gardens and recently also in one polluted chanel. Some are found exclusively in almost brackish waters or in waters with high conductivity (e.g. Bangia). The genus Tuomeya is recorded only from Finland in Europe (Kwandrans&Eloranta 1994 , Eloranta&Kwandrans 1996 , 2002 and the distribution of the genus Sirodotia is restricted to the Several European freshwater red algal taxa are recorded only from a single or from very few locations (Table 3) . Some examples of rare European species are presented in Fig. 1 . It is surprising that Reis described five new Batrachospermum species, which have not to date been recorded anywhere else. Also those taxa would need some molecular investigations to see their taxonomical position. Vis & Sheath (1999) proposed to synonymize Sirodotia suecica Kylin and S. tenuissima (Collins) Skuja ex Flint.
DISCUSSION
Out of 5 500 red algal species only ca. 178 (3-3.4%) occurs in freshwaters (Sheath 1984) . The majority of freshwater red algae are the inhabitants of running waters or waters that are at least in motion (Sheath 1984 , Kumano 2002 . Most of them are benthic and tend to be attached to hard substratum. This is a result of ecological preferences and biomechanical adaptation to living in lotic environments (Sheath&Hambrook 1988) . Secondly, tree canopy and humic brown water creates a light climate optimal for most freshwater red algae with phycocyanin as the major accessory pigment (Sheath&Hambrook 1990 , Eloranta&Kwandrans 1996 .
Most of marine red algae have a typical red colour due to the predominance of phycoerythrin, but ca. 82% of freshwater red algae are not red. Instead of red, their colour ranges from yellow-green, blue-green, olive-green, violet, and brownish to grey-black. Some species do not have phycoerythrin at all (Batrachospermum turfosum, Cyanidium caldarium), but more typically Table 3 European freshwater red algal taxa with single or very few records. phycoerythrin is masked by phycocyanin. According to some theories (Skuja 1938 , Sheath 1984 , those forms, which evolved early in shallow fresh waters or in inland brackish habitats retained the dominance of phycocyanin as the major accessory pigment, whereas secondary migrants from marine environments would have evolved with phycoerythrin as the major accessory pigment. In running waters macroalgae are distributed in the mid regions of the river, where the tree canopy surrounding the stream opens up, but water is not too deep or turbid to support growth (Vannote et al. 1980) . However, the canopy effects selective removal of red and blue wavelengths during most of the day affecting the adaptive radiation of primary freshwater species. Phycocyanin absorbs maximally in the wavelengths transmitted through most tree canopies (Sheath 1984) . Freshwater red algae seem to be rather frequent and abundant in the Nordic countries and in the corresponding latitudes in other parts of the world but much more rare in central and southern Europe (Eloranta&Kwandrans 2007). One reason might be that many rivers and creeks in Nordic countries with low population densities are not polluted or otherwise affected by man's activities. In the densely populated countries of Central Europe many streams and rivers, except in the mountain areas, are eutrophicated and canalized with several dams and river bars, which caused the extinction of many red algal species.
There remains the interesting question of why many freshwater red algal species are relatively cosmopolitan, whereas several others are apparently quite rare and found only at single or a few locations.
